Compound semiconductor outlook — 2002  by Mills, Alan
This year, Gorham’s annual compound semi- 
conductor business meeting, ‘Compound 
Semiconductor Outlook’ was held in San 
Mateo, California. The conferees represent- 
Dr Alan Mills ed a wide crossection of interests with atten- 
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although the percentage of visitors from 
E-mail: amik.@inreach.com overseas appeared to be lower. The technical 
programme included presentations from the 
financial community and most aspects of the 
industry and those present were provided 
with diverse and valuable analyses of many 
compound semiconductor industry seg- 
ments. Many key suppliers were present in 
the accompanying exhibition and also dou- 
bled as event sponsors. 
Compound Semiconductor 
Outlook - 2002 
Silicon-germanium 
Bernard Mycrson, an IBM Fellow (with over 40 
patents and 180 papers) and VP Communications 
R&D Center - IBM Microelectronics, was the 
keynote speaker.After having described himself 
as the ‘sacrificial silicon speaker’, he opened the 
proceedings with his talk on silicon-germanium, 
a compound semiconductor widely promoted by 
the silicon community.As may be anticipated, he 
painted a promising future for this material 
described some new, very high speed, devices 
with the potential for fts as high as 300GHz. It 
was Bernie’s view that silicon-germanium 
devices would be easily able to support 40 
Gbits/s and higher data rates for OC-768 and 
later systems. In support of this scenario he 
described some of his groups latest results 
including a circuit operating at 113GHz and an 
expected Si-Ge device market in the range of 
$1.8 billion by 2005.This growth would occur 
even thbugh he believed that SiGe power 
devices will be limited to GSM technology, 
because the next generation devices would need 
higher power levels generated by either higher 
voltages or higher currents not possible with 
SiGe. 
Questions arose with rrspect to the benefits of 
carbon addition into this system, but Bernie 
appeared to lower the boom on silicon-germani- 
um-carbon when he commented that early and 
unpublished IBM work had found that carbon in 
silicon-germanium does not appear to be feasible 
for several reasons; because silicon carbide is 
formed, because large lattice mismatches occur 
leading to additional defect generation and 
because carbon suppresses the diffusion of 
boron in this materials system. He noted that 
Japanese researchers had also investigated this 
materials system in the early 1990s with similar 
results being published in 1992. 
Manufacturing support for this material was pre- 
sented by Holger Juergensen, President of AIX- 
TRON AG. He described the use of their 260063 
reactor for silicon-germanium-epitaxy on three 8” 
silicon wafers per run.The Si/Ge deposition tech- 
nology available with this reactor includes Si/Ge 
buffer layers, selective Si/Ge growth, and poly sil- 
icon deposition and the recently added Tricent@ 
cluster tool, can perform three Si/Ge related 
processes, such as cleaning, CVD and RTP 
in one unit. 
Market trends 
This year, the analysts presented a more subdued 
view of the growth prospects for the compound 
semiconductor industry combined with a hind- 
sight review of what happened last year.The gal- 
lium arsenide (and silicon) fallout in 2001 can be 
blamed on a variety of economic and other fac- 
tors, which were referred to here as over-opti- 
mistic product projections and excessive inven- 
tory accumulation, based on the exceptional per- 
formance in 2000. Earl Lum, Executive Director, 
CBIC World Markets, presented their 2000 analy- 
sis of the leading analogue market players 
(which includes analogue amplifiers) and it is 
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reproduced in Figure 1 .Apart from the move- 
ment ofTriquint from 7th to 5th, little change 
was anticipated in these relative market positions 
for 2001. 
The gallium arsenide over-optimism for 2001 fac- 
tored in market revenue growth, handset growth, 
capacity expansion as part of the move to 6” 
waferfab production lines, and of course to earn- 
ings. However, corrections were easy to make to 
last years graphs by inserting negative growth 
sections for 2001 into the normally positive 
growth curves (that we all had become accus- 
tomed to). Not only did gallium arsenide revenue 
suffer a decline from last year’s record $3.5 bil- 
lion sales, but so did gallium nitride LED rev- 
enue, as rising unit volumes were not enough to 
counteract the lower chip prices generated by 
the higher production volumes and increased 
vendor competition.Additionally, the decline of 
the yen against the dollar was partially responsi- 
ble for the negative gallium nitride growth values 
for 2001, since this change depressed the total 
market value measured in dollars. Without the 
yen factor, there may have been a small increase 
in the gallium nitride dollar market value for 
2001. On a yen market basis, the value actually 
rose slightly year on year. 
In the infrastructure market several factors have 
contributed to deteriorating economic condi- 
tions in spite of the pressing need for 3G infra- 
structure and broadband to the home.These 
factors, including too many vendors, a band- 
width glut in the long haul, reduced spending 
and the restrictive practices of the local carri- 
ers, are contributing to delayed growth of some 
compound semiconductor market segments. 
Another important factor that reduced the 2001 
forecast accuracy was that 2001 was the first 
year of negative growth for the handset indus- 
try, hopefully a not too frequent phenomenon. 
Estimated quarterly shipments for 200 1 were 
well below the total of over 420 million units 
shipped in 2000. 
Fortunately, after considering the progress of 
the present business slump and keeping one 
eye on the improving SIA’s silicon-book-to-bill 
ratio, the general consensus at this meeting was 
positive.There will be reduced sales levels for 
the first half of 2002, followed by a slow recov- 
ery later this year in most gallium arsenide com- 
pound semiconductor end use markets. Growth 
is forecast to return next year as the replace- 
ment market segment becomes the dominant 
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part of the handset growth market.The replace- 
ment units are expected to be mostly the 2.5- 
and 3-G generations, with 3G handset growth 
increasing as more 3G infrastructure is installed 
and completed. Additionally, the growth of data 
transmission is continuing at about 50% per 
year and driving the development of a ‘quad- 
band’ 3G-handset. This data growth pressure 
and wireless applications are expected to lead 
the recovery in compound semiconductor 
devices. However, even though compound semi- 
conductor HBTs and p-HEMT amplifiers are tak- 
ing a larger share of cellphone applications, the 
recent negative comments by Nokia, regarding 
the growth of the handset market, may adverse- 
ly affect the ZOO3 growth for some gallium 
arsenide device segments. 
According to Earl, CIBC also expects analogue 
gallium arsenide markets to start to grow 
in the second half of 2002, with digital 
imaging and colour displays feeding demand, 
particularly in Europe. Here, the first colour dis- 
play handset sold out at $600 unit price and 
NEC is offering i-mode units in Holland. In 
2002, the worldwide penetration of colour 
handsets will be about 20%, led by Japan where 
all sets are forecast to be in colour, Korea with 
50% market penetration and the rest of the 
world in the 10% range. As these developments 
are taking place, the materials technology is 
migrating to higher frequencies, with indium 
phosphide and pHEMT E-mode (and perhaps 
gallium nitride) devices probably being in the 
competition for the highest performance 
applications by 2004. 
Stephen Entwistle, Program Director, Strategy 
Analytics, also forecast healthy growth for galli- 
um arsenide, although reduced from earlier fore- 
casts. Semi-insulating substrate growth will rise 
from about 750Oksi this year to 25,000ksi in 
2005 and semi-insulating epitaxy will grow from 
6,000 ksi this year to about 14,000 ksi in 2005. 
(Note, 1000 ksi equals one million square inch- 
es.) Merchant GaAs MMIC markets will support 
much of this substrate demand with estimated 
growth from $2.5 billion this year to about $4.5 
billion in 2005. 
Other compound materials 
In today’s market, gallium arsenide is by far the 
largest volume and value compound semicon- 
ductor material, followed by gallium phosphide 
for LEDs. However, other materials systems, such 
as silicon carbide, gallium nitride, indium phos- 
phide and indium antimonide are gaining impor- 
tance in electronic and optoelectronic applica- 
tions. Gallium nitride LED unit volumes are 
already large and Vitesse,TRW and Global 
Semiconductor are among companies that have 
developed indium phosphide production lines. 
These are already shipping high-performance 
discrete and integrated circuits in low volume 
that extend performance over that available from 
gallium arsenide.And, contrary to mythologies 
emanating from other technologies, indium phos- 
phide wafer yields appear to be similar to those 
for gallium arsenide processes and wafer break- 
age has not been an issue. Strategy Analytics fore- 
cast rapid growth for indium phosphide device 
markets, which are expected to grow from about 
$100 million in 2002 to over $500 million in 
2006. Compounds on silicon were also dis- 
cussed, but they will receive separate cover. 
Indium Phosphide 
Vitesse Semiconductor Corporation, the leading 
GaAs IC producer, has opened an indium phos- 
phide fab line in their converted gallium 
arsenide facility in Camarillo. Alan Huelsman, 
Director Indium Phosphide Program, reported 
that 60 x 4” wafers are being processed per 
month by MBE, with an MOCVD process also 
being developed.The future appears to be very 
promising for indium phosphide, because in 
this line functional yields were stated to be 
100% for circuits with less than 100 transistors 
and about 50% for a MUX IC with 1052 transis- 
tors. At 40 GHz and low volume,Alan stated 
that devices such as TIA, PA, PIN, MUX, and 
MMIC circuits were available and already cost 
competitive and that they have developed an 
OC-768 chipset, Short reach switch and router 
applications are targeted for 2002. In answer to 
questions, indium phosphide MBE process costs 
were stated to be more than the wafer cost and 
finished device costs were about three times 
those for GaAs. 
TRW Inc. has also had a GaAs production line for 
over 10 years for MBE-produced HEMTs and 
HBTs and it recently introduced similar MBE- 
grown indium phosphide devices that are cus- 
tomer qualihed.Applications in the 40 gigabit 
per second and other telecommunications mar- 
kets such as broadband and cellular telephone 
equipment markets are targeted.Augusto 
Gutierrez-Aitken, Section Manager, reported on 
the status of the TRW indium phosphide product 
line, where the wafer processing costs were 
described as similar to those for gallium arsenide 
products. Commercial discrete and integrated 
InP devices are now available and HBTs with fts 
as high as 200GHz have been processed.These 
were described as ideally suited for high speed 
clock frequencies (up to 100GHz) and very lin- 
ear power amplifiers (up to 60GHz). 
In both the previous cases the InP production is 
a relatively small segment of a larger company. 
But, Owen Wu, President, Global Communi- 
cations Semiconductors Inc. noted that his com- 
pany is a pure play compound semiconductor 
foundry with similar process technologies, ‘more 
than 25 major customers’ and more companies 
coming to them for chip solutions. Global lists 
five different device processes with breakdown 
voltages ranging from 12 to 65 V to ‘cover all 
device applications’, the ability to integrate PIN 
diodes and HBTs and a 4” InGaAs PIN-diode 
process. Other benefits of indium phosphide 
were mentioned, including higher power effi- 
ciencies at lower voltages, a lack of gain degrada- 
tion at higher temperatures and better linearity 
than Si-Ge. 
Gallium Nitride 
Advances in gallium nitride process and design 
technologies for both electronic and optoelec- 
tronic devices continue apace, with gallium 
nitride epitaxy now being the process of choice 
for blue, green and ‘white’ LED manufacture; a 
market that is now in the billions of units per 
year range. Electronic applications lag on the 
time scale, but outstanding performances have 
been reported on the basis of frequency, power 
density and operating temperatures. 
Cree Inc, has long been a supplier of silicon 
carbide materials for high power devices and 
more recently for the production of high 
brightness gallium nitride LEDs on carbide 
substrates. Primit Parikh, Project Leader - 
Cree Lighting, presented an update on gallium 
nitride wide bandgap devices and their wide 
applicability range. He compared the potential 
operating ranges of high power amplifiers 
with the range for similar nitride devices. 
Additionally, the advantages of and higher 
power loadings possible with gallium nitride 
compared with gallium arsenide were illustrat- 
ed for p-HEMTs.The advantages include higher 
operating voltages, smaller die size per watt, 
narrower gate pitch, efficiencies above bO%, 
excellent linearities and higher junction 
operating temperatures. 
The die size advantage even extends to silicon, 
where because of the smaller die, better than 
60% more good die are possible [788] from a 3” 
silicon carbide wafer than from a 4” silicon 
wafer 14841. Cree is in the forefront of the 
nitride on carbide technology, with demonstrat- 
ed capabilities of 10 watts per mm X-band 
power densities, 100 W CW power at 2 GHz 
and a 50 W amplifier at 6 GIIz. Most of the mar- 
ket segments attributable to the RF market 
applications - valued at about $1 billion per 
year - will be open to gallium nitride circuits, 
but penetration rates could be slow. 
Coincidentally, nitride based power amplifiers 
could be the saviour of the telecommunications 
base station industry, where today’s RF silicon 
power transistors run very hot because efficien- 
cies are below 40% and most of the applied 
power ends up as heat. Therefore they need 
tons of air conditioning and with thousands of 
stations operating per system, system costs are 
in the $10 to 100 million per year range and 
today’s power devices may only operate for 
about six to nine months before burnout. 
Indium Antimonide 
The present status on this material was given by 
Tim Phillips, Business Development Manager 
from Qiniteq Ltd, formerly part of the British 
Defence Research Establishment.Tim stated that 
although this antimonide has some potential 
drawbacks due to its narrow bandgap, most are 
not insurmountable and it has great potential for 
several opto and electronic devices such as high 
speed electronics (HBTs, FETs and quantum well 
devices) because it has the highest mobility 
known. It is also suitable for chemical sensors for 
many of the common polluting gases, due to its 
mid-range infrared activity. It is already used for 
Hall Effect devices, magneto-restrictive devices 
and for the fabrication of infrared arrays (now 
available with as many as 1024 x 76&pixels).The 
team at Qinetiq has years of production experi- 
ence in this field from building such devices for 
military applications. Tim plans to extend the 
company’s knowledge base to high-speed com- 
munications (up to 160 Gbit per second), to elec- 
tronic interfaces for superconductors and for 
high speed, low power, digital processing. 
Taiwan Outlook 
An overview of the Taiwan Compound 
Semiconductor Industry was given by Jung- 
Tsung Hsu, Deputy Director of ITRI-OES. He 
described how research at ITRl has grown from 
one to five MOCVD reactors in 15 years and that 
it also has developed 13 10 LEDs and quantum 
dots by MBE. Industry on the other hand, now 
includes 30 compound-semiconductor-active 
companies in Taiwan that have grown from a sin- 
gle company with one reactor to an aggregate of 
200 reactors in only 10 years. Most of these com- 
panies offer LEDs, two exclusively offer HBTs 
and the remainder make a product mix.As in the 
rest of the world, the development of high 
brightness LEDs, including blue and white GaN 
versions, and blue solid state lasers are important 
goals and ‘everybody is moving to China for 
packaging’ operations. 
zoomm VGF Gallium 
Arsenide Wafers 
It is over one year since Freiburger Compound 
Materials GmbH of Freiburg, Germany, devel- 
oped a process for 200mm diameter 
Czochralski grown gallium arsenide wafers. 
These would offer the future benefits of 
increased wafer area and the use of silicon pro- 
duction equipment for compound semiconduc- 
tor device production. Continuing their efforts 
for ‘technology leadership’, Freiburger reported 
at this meeting that they could now make 
200mm wafers by the vertical gradient freeze 
process.Although these are development wafers 
produced under an R&D programme funded by 
the German Government, work will continue to 
develop the process for commercial volumes 
and Freiberger expects to add 200mm diameter 
wafers to the existing 100 and 150mmVGF 
product line in time for an industry change to 
this wafer size. 
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